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INTRODUCTION 
Traditional nondestructive evaluat ion (NDE) of bonding flaws has 
generally used either ultrasound or x-rays as a directed energy source to 
image or otherwise detect the discontinuity of an improper bond. While 
this approach has broad applicability, it is inadequate where the 
material is highly attenuating or anisotropic, or when it is impossible 
to achieve an adequate interrogation due to geometrical constraints. 
These difficulties are seen in materials such as the silica fiber 
composites used for the thermal protection tiles on the Space Shuttle 
Orbiter, insulating rubber liners used for solid rocket motors, and 
rubber or foam coating materials. 
This paper discusses a method for determining bond condition in 
these types of materials by exciting the component as a whole and 
analyzing its micromechanical response . The concept is that the bond 
region forms a boundary of a physical system whose dynamic response is 
governed by a deterministic set of equations of motion. As the boundary 
conditions change, the system response will change. The problem then 
reduces to verifying that a given dynamic response can be uniquely 
correlated with a specific bond condition. This approach has a distinct 
advantage in that it can potentially survey the bond condition of a 
component or region with a single rapid measurement and provide the basis 
for a "go/no - go" decision. 
PRINCIPLES OF IMPLEMENTAT ION OF ACOUSTIC SIGNATURE ANALYSIS 
Both the excitation and detection techniques used in the examples 
described in this paper were noncontacting . While the noncontacting 
aspect is not an absolute requirement for application of the technique, 
it is highly desirable and greatly enhances the technique's 
applicability . For example, a standard accelerometer could be mounted on 
the part of interest and used to sense the dynamic response, but a number 
of drawbacks become immediately apparent. First of all, the device will 
mass load the object and skew the measured response. If the object of 
interest is of relatively low mass, this will make the interpretat ion of 
results more difficult if not impossible. A contacting sensor or 
excitation method also makes scanning or translation of the transducers 
more complicated and potentially slower. For these reasons, the 
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displacement sensor used in all the results described was a noncontacting 
laser acoustic device described in Reference 1. The noncontacting 
excitation was by either an acoustic pulse generated by a standard 
loudspeaker or a thermoelastic excitation generated by a pulsed Nd-YAG 
laser . 
The laser displacement sensor developed for this research is a 
unique device that is capable of detecting displacements as small as 
0.02 ~m on dark, diffusely reflecting surfaces up to 10 m distant. 
With this capability there is no special surface preparation required, 
and the induced vibrations of the object of interest can be extremely 
gentle. In some cases it is even possible to measure the natural 
resonance response induced by ambient low-level vibrations, such as the 
pseudo white noise from an air-conditioning system. Since the sensor is 
a beam of light focused to a small point, it measures a truly local 
response rather than an average over the surface of interest. Scanning 
the beam also is a straightforward matter with no surface contact . The 
major potential difficulties are in separat ing the signal of interest 
from large amplitude background vibrations. In many cases this can be 
accomplished with appropriate excitation and signal processing. 
Perhaps the easiest method for generat ing a small, localized 
displacement is with a loudspeaker. By placing the speaker in proximity 
to the surface displacements of interest are readily separated from the 
ambient background vibrations . Alternative methods of noncontacting 
generat ion include localized thermal heating with a laser pulse or a 
small directed burst of air. With any of these methods the spectra of 
the excitation can be tailored to the physics of the specific component 
or material. For example, a brief amplified audio click of 100 ~s 
(square wave) results in a broadband excitation with frequency components 
up to 10 kHz. Such an excitation will simultaneously excite multiple 
resonances in this frequency range. If a continuous sine wave or 
periodic excitation is used however, a specific resonance can be excited 
and detailed measurements can be ma de on the mode shape or vibration 
amplitudes. 
SOME TYPICAL DYNAMIC RESPONSES 
A simple example of the physics of this technique is data collected 
from four different flat bottom holes machined into a piece of aluminum. 
The experimental set up is shown in Figure 1. The sample is being 
excited by a pulsed Nd-YAG laser on one side, and the resultant 
vibrations are being detected with the frequency stabilized He-Ne laser 
system. With this simple geometry it is possible to tune the rate of the 
laser pulses 50 that the holes are excited as though they were small 
"drumheads." The varying diameters and thicknesses then show up as a 
shift in the resonance peaks shown in Figure 2. 
Most components of engineering interest, however, are not 50 simple 
in behavior. This is especially true when composites and materials with 
anisotropic properties must be considered. Nonetheless, it is still 
possible in many inst&nces to extrapolate the physics of this simple 
example and obtain useful information. Figure 3 shows some of the 
complex vibration modes that occur naturally on a thermal protection tile 
from the Space Shuttle Orbiter. These modal patterns were imaged using 
real-time speckle interferometry while the ti le was excited at different 
resonant frequencies [2]. As the bond attaching the tile is degraded, 
there are changes in the resonance modes. These can be observed with 
speckle interferometry as in Figure 4, or they can be characterized by a 
ser ies of single point measurements using the He-Ne sensor as shown in 
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Fig . 1. Noncontacting laser excitation and detection are used to measure 
the resonance mode vibrations of a sample. 
Figure 5. While more complex than the simple drumhead example, there are 
consistent and dramatic changes in the dynamic response that can be tied 
to the bonding condition. 
GONGLUSIONS 
An NDE technique has been described that measures the 
micromechanical, dynamic response of a component to a known excitation. 
This response provides an acoustic signature that describes the resonance 
behavior of the region being studied. Since the signature is modified by 
a change in the boundary conditions (or other features) of the component, 
it is possible in many cases to use the information in the signature as 
an indicat ion of the extent of bond. 
One of the key features of this approach is that both sens ing and 
excitation are performed in a noncontacting fashion. This allows the 
technique to be used in hostile environments or where the components of 
interest are so fragile that contact sensing is inappropriate. 
Analysis of the signal can be complex, depending on the number of 
and coupling between resonances. The signal analysis basically 
represents an automat ion of the classical "tap test" in which an object 
is struck in some fashion and an experienced iistener determines if a 
flaw is present from the sound generated. The improvements inherent in 
this technique are that a much broader range of the spectral response can 
be examined, the object does not need to be contacted, the required 
excitat ion is much more gentle than that required in a contact test, and 
the whole approach lends itself to automation. 
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Fig, 2, The frequency response of four different size samples, In this 
simple case the excitation laser can be considered to be 
exciting a small "drum" head, 
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Fig. 3. Six different resonant noda1 patterns on a therma1 protection 
tile. 
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Fig. 4. Effects on one mode as a ti1e is unbonded. 
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Fig. 5. Effects on the resonance response as the bond changes from 100% 
(top) to 75% (midd1e) to 50% (bottom). 
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